Objective: To determine the vitamin A and vitamin E statuses of socioeconomically disadvantaged preschool American children. Design: Cross-sectional study of preschool children from socioeconomically disadvantaged families. Setting: Central Iowa, USA. Subjects: A group of 77 apparently healthy children was studied with the following characteristics: 5 mo±6 y; 37 males, 40 females; 56 non-Hispanic Caucasians, 3 Hispanics, 18 Afro-Americans. Methods: Modi®ed relative dose response (MRDR) test for vitamin A status assessment; serum retinol, atocopherol, cholesterol, and carotenoids; weight for age. Results: Although the mean weight for age was the 53rd percentile of the NCHS standard, a signi®cant number of children (P 0.006, w 2 ) were either markedly underweight or overweight. Ratios of 3,4-didehydroretinol to retinol (DRaR) were b 0.030 in 32% of the children. Mean serum retinol, a-tocopherol and cholesterol ( AE s.d.) were 1.09 AE 0.23 mMaL, 16.8 AE 6.3 mMaL and 4.01 AE 0.8 mMaL. Three children (3.9%) showed a serum retinol value`0.7 mMaL. One child with a serum retinol value`0.7mMaL and one additional child showed a ratio of a-tocopherol to cholesterol`1.44 mmolammol. The mean a-tocopherol to cholesterol ratio for the group (4.31 AE 1.71 mmolammol), however, was satisfactory. The only signi®cant (P 0.05) age-related changes were an increase in the serum cholesterol (P 0.005) and decrease in the a-tocopherol to cholesterol ratio (P`0.005) between the 0±2 y and the 2±4 y groups. Serum cholesterol (P 0.0165, two-tailed) and lycopene (P 0.004) concentrations of Afro-Americans were signi®cantly higher than those of Caucasians. Median serum concentrations of a-carotene and b-carotene were lower and, of lycopene, higher than those found in children studied in a national survey. Serum carotenoid concentrations generally increased with age. Conclusions: Larger percentages of underweight and overweight children and a signi®cant degree (32%) of inadequate vitamin A status were found in this group of socioeconomically disadvantaged children. AfroAmericans showed higher serum cholesterol and lycopene concentrations than did Caucasians, but otherwise were nutritionally similar. Age-related changes were small. Of nutritional parameters considered, the vitamin A status of socioeconomically disadvantaged segments of our population clearly needs attention. Sponsorship: NIH-HD27994, ISUaCDFINaUSDA 94-34115-0269 Descriptors: Modi®ed relative dose response (MRDR) test; vitamin A; vitamin E; cholesterol; carotenoids; weight for age
Introduction
Clinical vitamin A de®ciency in children, although still of public health signi®cance in many countries (Underwood & Arthur, 1996) , currently is rare in the United States and other industrially developed countries (Olson, 1994 (Olson, , 1996 Underwood & Arthur, 1996) . Whereas clinical vitamin A de®ciency is becoming less common in less-industrialized countries, subclinical de®ciency, also termed marginal vitamin A status, is still prevalent (Underwood & Arthur, 1996) . In this regard, the incidence of mortality among preschool children in many less-industrialized countries is reduced by approximately 30% when vitamin A supplements are provided (Beaton et al, 1992; Sommer & West, 1996) .
Together with several other procedures, the modi®ed dose response (MRDR) test has proved a reliable, sensitive and simple method for assessing marginal vitamin A status in humans (Tanumihardjo et al, 1990a (Tanumihardjo et al, ,b, 1994a (Tanumihardjo et al, ,b, 1995 Duitsman et al, 1995) . The vitamin A statuses of nearly all healthy American children who received periodic checkups at a pediatric clinic, for example, were expectedly satisfactory by use of this test (Tanumihardjo et al, 1990a) .
Poverty in all countries, however, is associated with an inadequate nutritional status, including that of vitamin A. Indeed, 35% of socioeconomically disadvantaged pregnant American women showed an inadequate vitamin A status by use of the MRDR test (Duitsman et al, 1995) . We consequently wished to study the vitamin A and vitamin E statuses of preschool children living in this same socioeconomically disadvantaged ambient. Our ®ndings are reported herein.
Methods

Subjects
Subjects consisted of 77 children; 5 mo±6 y; 37 males, 40 females; 56 Caucasians, 18 Afro-Americans, and 3 Hispanics. Most children were recruited at the time of their initial enrollment into the Womens, Infants and Children (WIC) program from three central Iowa cities. The national WIC program provides medical and nutritional support for women and families with young children who have incomes below a certain amount, that amount being determined by the size of the family. Nine of the Afro-American children, however, were directly recruited from a childcare center located in a low-income urban housing development. Participating children were determined to be in general good health as assessed by their WIC or daycare records. All procedures were approved by the University Committee on the Use of Human Subjects in Research of Iowa State University. Parents of all children gave their consent to the study after learning of its purpose, procedures and minimal risks. At enrollment, children were weighed on a beambalance that was checked for accuracy at monthly intervals, and their birthdates were validated. Percentile values of weight for age were calculated from the NCHS growth charts (National Center for Health Statistics, 1976) .
Modi®ed relative dose response (MRDR) test
Parents of the children were advised not to feed their children dairy products, meat or eggs on the morning of the study. All children, insofar as we could judge, were free of infection on the day the MRDR test was given. On that day, children were administered an oral dose of 3,4-didehydroretinyl acetate (DRA) (0.35 mmolakg body weight) in 0.1±0.3 mL corn oil followed by an ice cream bar that contained fat but negligible amounts of vitamin A. The children, who remained at the study site, were provided with a lunch and snacks that also contained negligible amounts of vitamin A. A single blood sample (4±5 mL) was taken from the antecubital vein by a registered medical technician 5 h after dosage. The blood sample was allowed to clot during transport in a dark cooler and then was centrifuged at 4 C for 10 min. The serum was transferred to a clean labeled plastic tube and frozen at 720 C until analyzed.
Materials
All-trans 3,4-didehydroretinyl acetate was synthesized from all-trans retinoic acid (Barua & Ghosh, 1972; Tanumihardjo et al, 1987) . In brief, retinoic acid was converted to its methyl ester, oxidized to the 4-oxo derivative, reduced to the 4-hydroxy compound, dehydrated to the 3,4-didehydro form, reduced with LiAlH 4 to 3,4-didehydroretinol, and then converted to its acetate ester. The compound was puri®ed twice on an 8%-water deactivated alumina column and dissolved directly into 100% corn oil by sonication. Retinyl acetate, a-tocopherol, a-tocopheryl acetate, a-carotene, b-carotene, lycopene and cholesterol were obtained from Sigma Chemical Co. (St. Louis, MO). HPLC-grade solvents were purchased from Fisher Scienti®c Co. (Fair Lawn, NJ) .
Serum analysis
For the MRDR analysis, aliquots (0.5 mL) of thawed serum samples were extracted and analyzed as described previously (Tanumihardjo et al, 1990a) . Brie¯y, after addition of all-trans retinyl acetate as an internal standard to 500 mL serum, the aliquots were treated with ethanol and extracted twice with hexane. The pooled extracts were evaporated under nitrogen and redissolved in 50 mL isopropanol. An aliquot of 40 mL was injected onto a 3.9 mm6150 mm 5 mm Waters (Milford, MA) Resolve reverse-phase column. Methanol:water (85:15 by volume) was pumped through the system at a¯ow rate of 1.5 mLamin. Absorbance readings were recorded at 350 nm for 3,4-didehydroretinol (DR) and at 325 nm for retinol (R) and retinyl acetate by using either two ISCO (Lincoln, NE) model V4 detectors or a Waters 996 photodiode array detector (Milford, MA). The molar DRaR value was then calculated.
In the analysis of serum a-tocopherol and carotenoids, RRR-a-tocopherol acetate, used as an internal standard, was added to 100 mL serum, followed by the addition of 100 mL dichloromethane and 200 mL isopropanol. The sample was vortexed for 1 min and centrifuged at 1500 rpm for 30 s. The supernatant solution was removed and pipetted into a low-volume insert (Waters) in a 4 mL WISP vial. An aliquot of 50 mL was injected onto a 3.9 mm6300 mm 5 mm Waters Resolve reverse-phase column. Acetonitrile:dichloroethane:methanol:0.1% ammonium acetate in water (90:10:5:2 by volume) was pumped through the system at a¯ow rate of 1.2 mLamin. Absorbance readings were recorded at 285 nm for a-tocopheryl acetate, at 292 nm for a-tocopherol and at 450 nm for aand b-carotene and for lycopene by using a Waters 996 photodiode array detector.
Serum cholesterol values were determined by using an enzymatic method devised for a Kodak Ektachem DT60 II instrument (Eastman Kodak Co., Rochester, NY). Serum concentrations are expressed as mMaL for retinol, a-tocopherol and carotenoids, and as mMaL for cholesterol. The molar ratio of a-tocopherol to cholesterol is expressed as mmolammol.
Statistical methods
All parameters measured were normally distributed, except for serum carotenoid concentrations and weight for age. Basic statistics were used to determine the means, standard deviations and median values (Snedecor & Cochran, 1989 ). Student's t-test and w 2 were used to determine P values. Comparisons between ethnic groups and gender were made by utilizing a one-factor analysis of variance (ANOVA). Regression analysis was used to determine the correlations between the serum components measured. SAS statistical computer software (SAS Language and Procedures, 1989) and the Statview program aided the analysis. In regard to the carotenoid distributions, moment coef®cients of skewness (g 1 ) were calculated, and ethnic differences were analyzed by the nonparametric Wilcoxon rank-sum test (Snedecor & Cochran, 1989) . A moment coef®cient of kurtosis (g 2 ) was calculated for the distribution of weights for age. Values of g 1 and g 2 for normal distributions are zero and 3, respectively.
Results
Weights for age of subjects
The median age and mean percentile weight for age of the children in each gender and racial category are given in Table 1 . Because the three Hispanic children did not differ in any clear way from the non-Hispanic Caucasian group, data from both groups have been pooled for statistical analysis. The mean percentile weight for age (53.0 percen-tile) was essentially the same as that found in the general population. Caucasian children showed a somewhat greater mean percentile weight for age (55.2 percentile) than did Afro-American children (46.1 percentile), but the difference was not signi®cant (P 0.3, two-tailed).
The range in weight for age, however, was unusually broad (Figure 1) . Thus, the percentages of the subjects with weights for age ! 90th percentile and 10th percentile were 18% and 14%, respectively, signi®cantly different (P 0.006, w 2 ) from the expected distribution. Similarly, the coef®cient of kurtosis (g 2 ) was 1.61 (P`0.01). Thus, the mean percentile for the whole group is somewhat misleading, in that a disproportionate number of the children were either markedly overweight or underweight for age. Both Afro-American and Caucasian children were similarly distributed (Figure 1 ).
Modi®ed relative dose response (MRDR) ratios
The distribution of DRaR values for the whole sample is given in Figure 2 . Mean DRaR values (0.025 AE 0.012) did not appreciably differ with gender or race. Of the 77 children, however, 25 (32%) showed DRaR values b 0.030. The percentages of abnormal DRaR values did not differ signi®cantly between males (35%) and females (30%) nor between Afro-Americans (44%) and Caucasians (29%). The DRaR values increased slightly (slope 7.9610 75 ), but not signi®cantly (r 0.21, P 0.07, regression analysis), with increased percentile weight for age.
Serum lipid concentrations
Mean serum concentrations of retinol, a-tocopherol and cholesterol, the mean molar ratios of a-tocopherol to cholesterol, and the DRaR values for various categories are given in Table 2 . Among those serum nutrients, no signi®-cant differences were noted between the mean values of any of the groups, except that Afro-American children showed a signi®cantly higher serum cholesterol (P 0.0165, twotailed) than did Caucasian children. Serum retinol concentrations did not correlate (r 0.011) with DRaR values.
Three children had serum retinol values of`0.7 mMaL, of which the two with the lowest values (0.53 and 0.66 mMaL) gave positive MRDR tests. The third child had a serum retinol value of 0.67, but a DRaR ratio of 0.022. Two children showed a ratio of a-tocopherol to cholesterol`1.44. In both cases, the concentrations of serum a-tocopherol (1.4 and 5.5 mMaL), but not of cholesterol, were low. The child who had the a-tocopherol concentration of 1.4 mMaL also had a low serum retinol value (0.66 mMaL).
Serum concentrations of a-and b-carotene and of lycopene varied widely among subjects, and their distributions were highly skewed, with a long tail towards higher concentrations. The moment coef®cients of skewness (g 1 ) for b-carotene, a-carotene, and lycopene were 2.49 (P`0.01), 2.10 (P`0.01) and 0.98 (P`0.05), respectively. Median values and ranges are given in Table 3 . The only signi®cant difference noted among the groups is the higher median concentration of lycopene in AfroAmericans (0.24 mMaL) relative to Caucasians (0.14 mMaL) (P 0.004, Wilcoxon rank-sum test).
Discussion
The nutritional statuses of a group (n 77) of preschool children (5 mo±6 y) from socioeconomically disadvan- Vitamin A and E status of children DJ Spannaus-Martin et al taged families in central Iowa were evaluated by anthropometry, by the MRDR test for vitamin A status, and by the measurement of serum lipids. Although the mean percentile weight for age, in reference to NCHS growth curves, was normal (53rd percentile), the group contained a signi®cant number of children who were markedly overweight (18%) or underweight (14%). Thus, the distribution of the growth statuses of the children in this population was unusual. Unfortunately, dietary records and other information about food habits and life style factors were not available for analysis. In terms of age, the median percentiles of weight for age were similar in all three groups, for example 0±2 y (55 percentile), 2±4 y (50 percentile) and b 4 y (69 percentile). Thus, the unusual weight for age distribution could not be attributed to any single age group.
The vitamin A statuses of 32% of these children were inadequate by use of the MRDR test (DRaR b 0.030). In contrast, only one ®nicky eater, 4% of the total sample, consistently showed a DRaR value b 0.030 in a wellnourished population of Iowa children (Tanumihardjo et al, 1990a) . In socioeconomically disadvantaged families, the limited available income may well be used to provide housing and other items of higher priority than nutritionally adequate foods. On the other hand, none of the children in our current study showed a DRaR value b 0.060, the cutoff value now employed for children in less-industrialized countries (Tanumihardjo et al, 1990b (Tanumihardjo et al, , 1994b . Furthermore, only three children (3.9%) showed serum retinol concentrations`0.7 mMaL, one of the several cutoff values for vitamin A inadequacy now endorsed by the World Health Organization (WHOaUNICEF, 1996). (8) 18.7 AE 9.5 (7) 4.62 AE 1.03 (8) 4.00 AE 1.58 (7) 0.029 AE 0.012 (8) a Numbers in parentheses are the number of subjects studied.
b,c P 0.0165, two-tailed. No other signi®cant changes (P`0.05) between parameters were found.
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The DRaR values increased somewhat with increasing percentiles of weight for age, although the relationship was weak (r 0.212, P 0.06). Nonetheless, it is interesting to note that a slow growth rate seems to be associated, albeit weakly, with a better vitamin A status. A similar relationship has been found in Indonesia (Tanumihardjo et al, 1996b) and in Zambia (Kafwembe et al, 1996) .
In other studies (Tanumihardjo et al, 1990b (Tanumihardjo et al, , 1994a (Tanumihardjo et al, ,b, 1995 , the DRaR values did not correlate with serum retinol concentrations, except when the latter were very low (high MRDR) or high (low MRDR). Because most of the serum retinol values in this study fell in the midrange (0.7± 1.4 mMaL), the DRaR values expectedly were not correlated with serum retinol concentrations (r 0.117, P 0.31). In this regard, the MRDR test is known to be a better discriminator of vitamin A status than serum retinol concentrations, particularly when the latter fall in the midrange (Tanumihardjo et al, 1996a) .
Normal ranges of serum tocopherol and cholesterol concentrations in American children are 7±21 mMaL and 2.7±6.5 mMaL, respectively (Farrell et al, 1978) . Only 2 out of 77 children showed a-tocopherol concentrations 7 mMaL, and none showed cholesterol concentrations b 6.5 mMaL. Serum cholesterol concentrations in AfroAmerican children were higher than Caucasian children (P 0.0165), but both sets were in the normal range. Because dietary records and lifestyle habits were not available, this difference cannot be readily explained. The suggested cutoff ratio of a-tocopherolacholesterol, a better indicator of vitamin E status than serum tocopherol concentrations alone, is 1.44 mmolammol (Farrrell et al, 1978) . The same two subjects with low a-tocopherol concentrations showed ratios`1.44 mmolammol. Inasmuch as the mean value of the ratio for all subjects was 4.31 AE 1.71 mmolammol, however, the vitamin E status of this population seemed generally satisfactory. The a-tocopherolacholesterol ratio for the 0±2 y age group was signi®cantly higher (P`0.005) than for the 2±4 y group, but not for the b 4 y group. This ®nding might best be attributed to the lower percentage of Afro-American children in the 0±2 y age group than in groups of older children. Indeed, a control group of healthy Indian children showed mean values and ranges of these parameters similar to those cited above (Das et al, 1996) .
It is unlikely that infections played a signi®cant role in this study. Firstly, children were apparently healthy when recruited and none was obviously sick when studied. Secondly, infections markedly lower serum retinol concentrations as a facet of the acute phase response (Thurnham & Singkamani, 1991) . Serum retinol concentrations of only three children in our sample were low (`0.07 mmolaL), however, and increased only slightly, but not signi®cantly (P b 0.05), with age in keeping with expectations (Pilch, 1985) . Third, chronic infection should be accompanied by a lower weight for age and a poorer vitamin A status, as indicated by a higher DRaR value. Instead, as already indicated, just the opposite was found.
Median serum concentrations of individual carotenoids in our study, in keeping with other like studies in young children (Homnick et al, 1993; Briefel et al, 1996; Das et al, 1996) , fell in the normal range. The largest comparable study of serum carotenoids, conducted as part of NHANES III (1988±1994) survey in the United States (Briefel et al, 1996) , found the following median values for children 4± 10 y: b-carotene, 0.32 mMaL; a-carotene, 0.074 mMaL; and lycopene, 0.041 mMaL. Median values for b-carotene (0.19 mMaL) and a-carotene (0.05 mMaL) in our study (Table 3) were considerably lower and the median lycopene value (0.15 mMaL) was considerably higher than these median values for children. In general, serum carotenoid values increased with age. Because tomato-derived products, for example catsup and pizza, are popular, relatively inexpensive foods in the United States, the higher serum lycopene values may well derive from their ingestion. It is also worthwhile noting that the lower values for the provitamin A carotenoids, a-and b-carotene, in our study population accord with the ®nding of signi®cant vitamin A inadequacy by the MRDR test. Furthermore, 35% of pregnant women (n 57) from the same socioeconomic ambient gave DRaR values ! 0.030 (Duitsman et al, 1995) , in keeping with our current observations in preschool children. Vitamin A inadequacy must consequently be considered as a major nutritional problem among socioeconomically disadvantaged segments of our population, as it is in other cultures (Sommer & West, 1996 
